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Abstract
The aim of this work was to isolate endophytic bacteria from wheat grains and to evaluate their plant growth promoting 
traits (PGPT) as well as an inhibitory effect on P. syringae pv. atrofaciens (McCulloch) growth. Endophytic bacteria were isolated 
by a culture-dependent protocol from the grains of winter wheat variety of Ukrainian selection Podolyanka with high resistance to 
syringae. Totally 2.7±0.09 CFU/1 g of dry wheat grain were isolated, ten cultivable bacterial isolates were obtained. Spore-forming 
bacilli predominated in the wheat grain endophytic community. Gram-negative fermenting and non-fermenting rod-shaped bacteria 
and Gram-positive cocci were also present. Seven out of ten isolates possessed numerous plant growth promoting traits including 
phosphate solubilization, oligonitrotrophy, and indolic compound producing. Two isolates possessed antagoniscic activity against 
syringae in vitro along with plant growth promoting features. According to biochemical profiling and mass-spectrophotometric iden-
tification, these two isolates were assigned to Paenibacillus and Brevibacillus genera. These endophytic bacteria can be considered 
as promising objects for agrobiotechnology. However, more research is needed to confirm their biotechnological potential in planta 
experiments.




It is generally accepted, that bacterial endophytic communities are present in all plants [1, 2]. 
The growing number of studies on endophytic bacteria has revealed their significance in agri-
cultural production, food safety, and phytoremediation. Namely, plant endophytic microbiome 
is associated with improved plant productivity. Endophytic bacteria get nutrients from soils and 
transfer them to host tissues in different nutrient-transfer symbioses, increase plant growth and 
development producing and/or up-regulating growth hormones etc. In addition, plant endophytic 
bacteria protect host from infectious diseases and herbivores, and even deter growth of competitor 
plant species [3, 4]. Endophytic bacterial communities of some root vegetables contain lactic acid 
bacteria, offering its use as a source of probiotic microorganisms [5]. Endophytes are involved in 
health-beneficial effects of phytoremedies from medicinal plants [6]. Some endophytic bacteria 
exhibit organic pollutant degradation activity along with plant growth-promoting properties, and 
can be successfully applied for intensified phytoremediation [7]. All these features of endophytic 
bacteria position them as a promising object for biotechnology. 
Original Research Article:
full paper




Currently, the overwhelming majority of bacterial endophytes is non-cultivable (only 
0.001–1 % of all plant-associated endophytic bacteria are cultivable), and therefore are not ap-
propriate for biotechnological employment [8]. Meanwhile, cultivable endophytic bacteria are 
extensively investigated in the prospect of their use in the agriculture system, as well as in 
medicine and nanobiotechnology [9, 10]. Considering close interrelation between endophytic 
bacteria and their host plants, endophytes could potentially be used as biological control agents 
in sustainable crop production [11], including cereal protection [12]. Biocontrol agents, based on 
endophytic bacteria, can stimulate cereal growth and inhibit disease development through var-
ious mechanisms, including plant immunity regulation and direct antagonistic activity against 
phytopathogens [13].
Wheat (Triticum aestivum L.) is a strategic grain crop for Ukraine. Ukraine is current-
ly among ten largest wheat producing countries in the world [14]. Growing global demand for 
cereals for food and feed, and as a source for biofuels necessitates obtaining high yields of this 
grain crop. More than 50 diseases reduce wheat grain yield by approximately 18–20 % [15]. 
Among others, numerous bacterial wheat diseases (bacterial spot, speck, and blight) are caused 
by Pseudomonas syringae, namely P. syringae pv. atrofaciens (McCulloch) – phytopathogenic 
bacterium with high-grade resistance to antimicrobial compounds [16]. It foregrounds the search 
of alternative agents for biocontrol of this phytopathogen, such as biopreparations based on en-
dophytic bacteria.
The aim of this work was to isolate endophytic bacteria from wheat grains and to evaluate 
their plant growth promoting traits (PGPT) as well as an inhibitory effect on P. syringae pv. atro-
faciens (McCulloch) growth.
2. Materials and Methods
2. 1. Isolation, morphological, physiological and biochemical characters, and identifi-
cation of cultivable endophytic bacteria from wheat grain
Wheat grains were first rinsed with running tap water for 15 min, then were surface asep-
ticized with 72 % ethanol for 30 s, followed by treatment with 2 % trichloroisocyanuric acid for 
4,5 min and finally – with 72 % ethanol for 30 s. After this, grains were rinsed six times for 15 min 
with sterilized distilled water by shaking at 220 rpm. 1 mL of sterile water, used for the final wash-
ing, was then plated onto R2A agar and incubated for 7 days at 28 °C in order to test grain surface 
sterilization efficacy and epiphytic bacteria removal. After this, 1 g of sterilized wheat grains was 
homogenized in 10 mM phosphate buffer (pH 6.5). A serial dilution of homogetane was made and 
plated on potato agar for total bacteria count, on McConkie agar (HiMedia) for Gram-negative 
bacteria count, and on MYP agar (HiMedia) for bacilli count. Plates were cultured at 24 °C. For 
the isolate characterization 10 sterilized grains were put on Petri dishes with R2A and cultured for 
72 h at 28 °C (Fig. 1).








Representative colonies were characterized according to their morphological features, in-
cluding shape, margin, elevation, viscosity, color, opacity etc. Obtained bacterial isolates were 
then tested for potential PGPT. The phosphate solubilizing activity was examined using Muromt-
sev agar [17]. The oligonitrotrophic activity was detected using nitrogen-free Ashby’s mannitol 
agar [18]. The capability to produce indolic compounds was examined by isolate culturing in the 
Stroganov liquid medium, supplemented with L-tryptophan, Salkowski’s reagent was used to re-
veal indolic compound [19]. MALDI-TOF mass spectrometry and biochemical profiling were used 
for the identification of isolated microorganisms. MALDI-TOF mass spectrometry was performed 
using VITEK MS (bioMérieux SA, France) according to the manufacturer recommendations. 
Spectra were generated using the MYLA software version 3.0.0, MYLA version 4.6.1. The range of 
probabilities for correct identification was 60 to 99 % with values closer to 99.9 %. The confidence 
level was determined with percent probability and number of choices [20]. Biochemical profiling 
was conducted using VITEK® 2Compact (bioMérieux SA, France) according to the system man-
ufacturer recommendations.
2. 2. Antagonistic activity assessment
The antagonistic activity of isolated endophytic bacteria against P. syringae pv. atrofaciens 
(McCulloch) was tested in vitro using agar well diffusion assay [21]. A strain of P. syringae pv. 
atrofaciens (McCulloch) Young, Dye & Wilkie 1978: UKМ В-1013 was grown on potato agar at 
28 °C for 24–48 hours. The overnight culture was used for the experiment.
2. 3. Statistical analysis
All experimental data are presented as mean ± SD of at least three independent experiments. 
Statistical significance of the differences between two groups was determined by Student’s t-test. 
Differences were considered significant at р≤0.05.
3. Results and Discussion
In previous experiments we have revealed winter wheat variety of Ukrainian selection Podo-
lianka with high resistance to P. syringae pv. atrofaciens (McCulloch) [22]. Grain invasion in wheat 
agrophytocenosis is an important component in the epidemiology of bacterioses, caused by P. syrin-
gae pv. atrofaciens (McCulloch). Endophytic microorganisms of grain are considered as one of the 
most important resistance-inducing determinants of the plant resistance to the phytopathogen [23]. 
Considering this, grains of Podolyanka wheat variety were chosen for the search of endophytic bacte-
ria with PGPT and antagonistic activity against phytopathogenic bacteria. Totally 2.7±0.09 CFU/1 g 
of dry wheat grain were isolated, ten cultivable bacterial isolates (P1–10) were obtained. Morpho-
types of isolated grain endophytic bacteria were represented by endospore-forming bacilli (5 isolates), 
gram-negative fermenting and non-fermenting rods (2 and 1 isolates respectively), and gram-positive 
cocci (2 isolates). Different PGPT were revealed in seven out of ten isolates (Table 1). 
Table 1
Plant growth promoting traits of endophytic bacteria
Isolate No Morphotype Gram staining Phosphate solubilization Oligonitrotrophy Indolic compounds
1 2 3 4 5 6
P1 spore-forming bacilli positive + + –
P2 spore-forming bacilli positive – – +
P3 cocci positive – - -
P4 rods negative + + +
P5 rods negative + – +
P6 spore-forming bacilli positive + + –
P7 cocci positive – – –
P8 spore-forming bacilli positive – – –
P9 rods negative + + +
P10 spore-forming bacilli positive – – +
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Three isolates (P3 and P7 cocci, and spore-forming bacillus P8) showed no PGPT. Two 
spore-forming bacilli (P2 and P10) were capable to produce indolic compounds. Spore-form-
ing bacilli P1 and P6 are phosphate-solubilizing oligonitrotrophes. P5 is phosphate-solubilizing 
Gram-negative rod with the ability to produce indolic compounds. P4 and P6 are Gram-negative 
rods, possessing three PGPT: phosphate-solubilizing activity, oligonitrotrophy and potent capabil-
ity to produce indolic compounds.
The antagonistic activity against P. syringae pv. atrofaciens (McCulloch) was found out in 
two grain endophytic bacterial isolates (P6 and P10) by observing characteristic clear zones, inhib-
iting the growth of the pathogen around the well (Fig. 2). P10 exhibited the maximum inhibition 
(inhibition zone 2.7±0.3 mm), P6 – 2.3±0.1 mm.
  
         a                               b                                     c
  
d                               e                                     f
Fig. 2. Image illustrates: a, d – colony morphotype; b, e – cell morphology;  
c, f – antagonistic activity of endophytic bacterial isolates P6 (a, b, c) and P10 (d, e, f )
Endophytic bacteria, possessing PGPT along with antagonistic activity against phyto-
pathogenic bacterium, can be considered as more forceful allies and more efficient mates of 
host plant, as well as seem to be more promising objects for agricultural biotechnology [24, 25]. 
For these reasons, we have conducted biochemical and mass-spectrophotometric identification 
of P6 and P10 isolates. According to the biochemical profiling, endophytes with antagonistic 
activity belonged to Paenibacillus and Brevibacillus genera (Table 2).
The belonging of the isolates to the specified genera is confirmed by the morphology of 
the cells: terminal to sub-terminal endospore location in Paenibacillus peoriae and central – in 
Brevibacillus brevis (Fig. 2, b, e). In addition, the results of biochemical identification were 
confirmed by the mass-spectrophotometric assays (Table 3). Our findings are concordant with 
literature data concerning the antagonistic activity of bacteria, belonging to Paenibacillus 
and Brevibacillus genera against phytopathogens. Brevibacillus brevis exerts the antagonis-
tic effect towards Phytophthora nicotianae [26] and Fusarium spp. [27]. Paenibacillus are 
characterized by the potent antagonistic activity against soil-borne phytopathogens [28] and 
Fusarium [29].
This study has potential limitations. The examination of antagonistic activity of isolated 
wheat grain endophytic bacteria was performed only in in vitro experiments, and warrants 
validation in in planta condition. Moreover, one can’t exclude that endophytic bacteria exert 
more powerful PGP and antagonistic activity in the consortium than used alone. In addition, 
biochemical and mass-spectrophotometric isolate identification should be confirmed using 
16S rRNA Gene Sequencing.
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Biochemical profiles of endophytic bacterial isolates using VITEK/BCL card
Isolate P6. Paenibacillus peoriae. Sample ID 5352550515047161. Confidence value 89 %. Confidence level: good identification
1 BXYL + 3 LysA – 4 AspA + 5 LeuA + 7 PheA + 8 ProA –
9 BGAL + 10 PyrA – 11 AGAL + 12 AlaA – 13 TyrA (–) 14 BNAG –
15 APPA + 18 CDEX – 19 dGAL + 21 GLYG + 22 INO – 24 MdG +
25 ELLM – 26 MdX – 27 AMAN – 29 MTE + 30 GlyA – 31 dMAN –
32 dMNE + 34 dMLZ – 36 NAG – 37 PLE + 39 lRHA – 41 BGLU +
43 BMAN – 44 PHC – 45 PVATE – 46 AGLU – 47 dTAG – 48 dTRE +
50 INU + 53 dGLU + 54 dRIB + 56 PSCNa – 58 NaCl 6.5 % – 59 KAN +
60 OLD + 61 ESC + 62 TTZ (+) 63 POLYB_R + – – – – – –
Isolate P10. Brevibacillus brevis/ Brevibacillus agri. Sample ID 4420100000200401. Confidence value 87 %. Confidence 
level: acceptable identification
1 BXYL – 3 LysA – 4 AspA (+) 5 LeuA – 7 PheA (–) 8 ProA +
9 BGAL – 10 PyrA + 11 AGAL – 12 AlaA – 13 TyrA – 14 BNAG –
15 APPA + 18 CDEX – 19 dGAL – 21 GLYG – 22 INO – 24 MdG –
25 ELLM – 26 MdX – 27 AMAN – 29 MTE – 30 GlyA – 31 dMAN (–)
32 dMNE – 34 dMLZ – 36 NAG – 37 PLE – 39 lRHA – 41 BGLU –
43 BMAN – 44 PHC + 45 PVATE – 46 AGLU – 47 dTAG – 48 dTRE –
50 INU – 53 dGLU – 54 dRIB – 56 PSCNa – 58 NaCl 6.5 % – 59 KAN +
60 OLD – 61 ESC – 62 TTZ – 63 POLYB_R + – – – – – –
Table 3
Identification of endophytic bacteria from wheat grains by the MALDI-TOF mass-spectrometry
Isolate No P6 P10
Organism name Paenibacillus peoriae Brevibacillus spp.
Slide ID 202012041 202012041
Confidence value, % 99.9 99.9
Confidence level High High
4. Conclusions
1. Our data confirm the presence of rich bacterial endophyte in winter wheat grains, in 
which spore-forming bacilli predominate.
2. Some cultivable endophytic bacteria possess two and even three PGPT simultaneously.
3. In this preliminary study, we have revealed two bacterial isolates with PGPT and an-
tagonistic activity towards P. syringae pv. atrofaciens (McCulloch), which can be considered as 
promising agents for agrobiotechnology.
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